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Research involving critical fluids is a sub-discipline of high pressure technology, 
and should also encompass the evaluation of components (pressure gauges, flowmeters, 
pumps, etc.) that are routinely used in measuring experimental data and mechanically 
conducting extractions or reactions. A unique system has been developed at NCAUR for 
performing these tasks, which can include the calibration of various types of pressure 
gauges, determining the leak status of high pressure valves, or testing the efficacy of 
repaired pumps or compressors used for fluid delivery. The pressure test bench is 
capable of generating reproducible pressures to 20,000 psi, and features both low and 
high calibration gauges which are routinely used in the NCAUR High Pressure 
Laboratory. The bench is capable of both producing and/or receiving pressure signals, 
allowing it to be used for many types of pressure calibration and testing for fluid leakage. 
A description of the design, construction, and use of this pressure test bench will be 
presented, including provision for automatic data recording of pressure, flow, and other 
variables which impact on using critical fluids in a high pressure laboratory. 

Introduction 

Various high pressure components, such as pressure gauges, transducers, relief 

valves, shut-off valves, micrometering valves, and gas booster pumps, are used at the 

High Pressure Laboratory of NCAUR to construct small scale pilot plant apparatus. 

References pertaining to the control systems and a variety of apparatus constructed at the 

High Pressure Laboratory can be found in previously published literature.‘3 The High 

Pressure Laboratory is well stocked with new as well as used components. The unknown 

condition of the many used components and the desire to check the performance of 

repaired pumps precipitated the need for a pressure test bench. It should be noted that it 

was not our intent to design or construct a test bench to proof test or burst test pressure 

vessels. Photographs of the completed test bench, front and back, are shown in Figures 1 

and 2. 



Figure 1. Photograph of front view of pressure test bench. 

Figure 2. Photograph of back view of pressure test bench. 
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Design 

The design for the pressurctest bench was finalized after giving 

safety, functionality, and available existing components. A schematic of 

shown in Figure 3. 

consideration to 

the test bench is 

Figure 3. Schematic of the pressure test bench. 

The test bench was divided into two sections: one for low pressure testing (using 

compressed air) and one for high pressure testing (using a cylinder tank of argon). The 

low pressure test section provides controlled compressed air up to 150 psi, supplied by 

the High Pressure Laboratory’s dedicated air compressor (2T25A-240; Emglo, 

Johnstown, PA). The high pressure test section has the capability to provide cylinder tank 

pressure through a precision regulator up to 2000 psi. Higher pressures up to 20,000 psi 

are obtained through the use of an air-driven gas booster pump. Precision adjustments of 
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pressures up to 15,000 psi are allowed on the high pressure test section through the use of 

a hand pump pressure generator. In consideration of safety and to protect components of 

the test bench, relief valves and rupture discs were included in the design. An electrical 

signals connection panel was also included to allow for data acquisition of the pressure 

signals and calibration of the high pressure test section’s digital pressure indicators. The 

performance of various components, such as those that accept pressure and those that 

generate pressure, can be checked at the test bench. Design is such that leak checking of 

components at pressures up to 15,000 psi can be accomplished by observance of a 

pressure drop (bleed rate). 

Construction 

Certain components were chosen for inclusion in the test bench, such as the gas 

booster pump and the hand pump pressure generator, to duplicate components already 

used in the High Pressure Laboratory. Many of the remaining components were selected 

based on the High Pressure Laboratory’s stock of existing parts. If purchased new, the 

total cost for components and parts used in the construction of this test bench would be 

approximately $15,800. Tables 1 and 2 provide information on all of the components 

incorporated in the test bench. 



Table 1. Pressure test bench components. 

I . ..-. 

I lmkv (55-l 

.“.-ucy- ,- 
+ I- 

,- 
,-. I 

0 
MMIldda 

,I .L 
I I 

I 

. I 

5 



Table 2. Sources for components used in construction of the pressure test bench. 

The versatility of channel strut metal framing was used to an advantage for constructing 

the framework of the test bench. Components were mounted on the open framework built 

with l-98 inch square galvanized steel channel strut (B22; B-Line). This fiame was 

attached to a 60-inch by 28inch wood-top workbench. Dimensions for the f?ame were 

determined after taking into consideration the space needed for the various components. 

Aluminum panels, l/8-inch thick and sheared to size, were attached to the frame to 

accommodate panel-mount gauges and valves. A 14inch by 12-inch aluminum panel was 

also sheared and installed as a shelf below the low pressure test section. 

Dimensional layout of the frame and panels was performed using a Computer 

Aided Design (CAD) software program, “TurboCAD for Windows” version 1.02 (IMSI, 

San Rafael, CA). Outlines of the various components were drawn at 4: 1 or 6: 1 scales and 

arranged to create a functional and aesthetically pleasing layout. These drawings are 

shown in Figures 4,5, 6, and 7. i < 



Figure 4. Frame layout. 

Figure 5. Low pressure panel layout. 
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Figure 6. High pressure panel layout. 

Figure 7. Electrical signals connection panel layout. 

Dimensions taken directly from the CAD drawings were used to fabricate the channel 

strut frame and aluminum panels. The framework outside dimensions are 52 inches wide, 

12 inches deep, and 39-l/4 inches high. Comer angle channel strut components (B231, 

B 101; B-Line) were used to fasten the lengths of channel strut together to make the 

frame. 
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The low pressure test section incorporates a surplus precision 100 psi, 8-l/2 inch 

diameter, double-revolution dial pressure gauge [G-A]. A relief valve [RV-A], set at 100 

psi, protects this gauge from over pressurization. One-quarter inch bulkhead unions (B- 

400-61; Swagelok) provide convenient test port connection points. One-quarter inch 

plastic tubing (PT-240-04; Weatherhead) was used to connect components behind this 

panel. 

Four existing ball valves [zl, L2, Hl, H2] were mounted on the panel of the high 

pressure test section, along with analog and digital pressure gauges. Existing 3-way/2- 

stem manifold valves l&3-LA, ID-H4, I%-H6, H7-HS] were used to advantage, since they 

reduced the number of tube connections. These valves were mounted on four-hole comer 

plates (B143; B-Line) modified with two lo-24 tapped holes. This provided a secure 

mounting for the valves through a simple connection to the frame using l/2-13 hex head 

cap screws (HHCS l/2” x 1 l/4”; B-Line) and channel nuts (N225; B-Line). Relief valves 

[RV-1, RV-2, RV-31 to protect the gauges [G-L, G-WJ, the transmitters [PT-L, PT-H’J, 

and the pressure generator Ip2] were mounted to the frame with channel strut pipe clamps 

(I3221 1, B2212; B-Line). A l-1/2 inch diameter hole was cut into a three-hole gussetted 

shelf angle (B125; B-Line) to accommodate mounting of the tank regulator lRI%G-G]. 

One-quarter inch O.D., 0.083 inch I.D. high pressure tube, rated for 60,000 psi (MS15- 

081; Autoclave Engineers), and l/4 inch O.D., 0.109 inch I.D. medium pressure tube, 

rated for 20,000 psi (MS15-092; Autoclave Engineers), were used to interconnect 

components in this section. The one exception was from the cylinder tank check valve 

[CVJ to the input side of the tank regulator [REG-G], where l/8 inch O.D., 0.085 inch 

I.D. stainless steel tubing (21512; Restek) was used. 

Performance 

External pressure connections to the low pressure test section are made through 

l/4 inch compression fittings (Swagelok -400 connection type). Adapters have been made 

to accommodate connections to components with other type connection ports. 

External pressure connections to the high pressure test section are made through 

l/4 inch standard high pressure cone and thread connections (Autoclave Engineers 

F25OC connection type). The one exception is at the regulated tank output valve [LO], 
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where the output connection is made with a 14 inch gland and compression sleeve 

(Autoclave Engineers W125 connection type). Connection adapters have also been made 

for this test section. 

The pressure test bench permits a multitude of test configurations. Graphic 

layouts, shown for the high pressure test panel in Figure 8, were drawn on both panels 

with permanent markers to indicate device interconnections for straightforward use of the 

test bench. 

Figure 8. High pressure test panel graphic layout. 

Though operation of the test bench is intuitive, step-by-step test procedures have been 

developed for various components. Figure 9 shows one of these procedures. 

.~~purpudr~,dCd-~REGArdMr~~REGOfullyoucrlrdaMu rdapatvahm. 

Figure 9. Sample test procedure. 

One consideration needs to be noted when using the gas booster pump [pl] and 

the hand pump pressure generator Ip2]. Adjustments made with the pressure generator 

[p2] to lower the test pressure below the set pressure of the booster pump Ipl] will be 
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canceled out by the compensating,,action of the booster pump pl] returning to its set 

pressure. Therefore, the pressure setting of the booster pump [pl] needs to be kept lower 

than the pressure that the pressure generator Cp2] will be adjusted to. (Increasing test 

pressures generated by the pressure generator Ip23 are not compensated by the booster 

pump [PI] due to operation of the booster pump’s [pl] internal check valve.) 

As with any system that develops high pressures, intended actions need to be 

thought through with safety in mind. Venting of test gases away from personnel is a 

must. All vent valves on this test bench discharge to the back of the bench, away from 

personnel. Tubing used to connect the test bench to the device-under-test must be 

adequately rated for the pressure that will be applied: Connections should not be broken 

until all pressure has been relieved from the device-under-test. Testing should always 

start with all pressure regulator knobs turned fblly counterclockwise (zero pressure). The 

appropriate responsive action to an unexpected failure of a device-under-test should be 

determined before a test procedure is initiated. 

Data Acquisition 

Provisions were made through the electrical signals connection panel to measure 

and record the 4 to 20 mA signals from the pressure transmitters [PT-L, PT-H]. A 

schematic showing the wiring and operation of one of the two identical channels of the 

electrical signals connection panel is shown in Figure 10. 
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Figure 10. Schematic for oneihalf of the electrical signals connection panel. 

Data was recorded during a test of a used relief valve that provides an example of this test 

bench feature. This data was collected from the 20,000 psi pressure transmitter [PT-H] 

using National Instruments (Austin, TX) SCXI hardware and LabVIEW version 5.0.1 

software. Figure 11 shows the pressure reIieving performance of the used relief valve set 

at approximately 9000 psi and checked in two different, ways. 
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Figure 11. Performance of relief valve-under-test. 

The first method applied a gradual increasing pressure to the relief valve: Booster pump 

[pl J was used to pressurize the relief valve, connected at the TEST PORT of test output 

valve p7], to an initial 8000 psi. Then pressure generator [p2] was rotated ‘clockwise 

(approximately 14 half-turns) to actuate the relief valve. The second method applied a 

sudden over-pressurization of 10,000 psi to the relief valve: Booster pump [pl] was used 

to pressurize the relief valve to 8000 psi. Next, test output valve @7] was closed, and the 

test bench was pressurized to 10,000 psi. After turning drive regulator [REG-D] fully 

counterclockwise, test output valve [H7] was quickly opened, permitting actuation of the 

relief valve. 

The electrical signal connections panel also provides a convenient manner for 

external calibration of the digital panel meters (indicators) PI-L, PI-HJ with a current- 

sourcing 4 to 20 I-A calibrator. 
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Conclusion I. 

Components utilized in supercritical fluid research are often incorporated without 

initially testing their condition. Used components, as described previously, should be 

routinely tested to see if they are in a safe condition and meet operational specifications. 

The described pressure test bench was built by taking advantage of existing parts and 

incorporating components that are used in the NCAUR Critical Fluids Research Program. 

The pressure test bench is designed specifically for evaluating components routinely used 

in supercritical fluid research. 

In the Mure a mass flowmeter will be added to the test bench to provide flow 

calibration capability. Performance of the described test bench has met desired 

expectations and supplied the laboratory with a needed testing apparatus. 
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